SPECIFICATION 
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Method For Testing Embedded 
DRAM Arrays 

Background of the Invention 

[0001 ] FIELD OF THE INVENTION 

[0002] The present invention relates to the field of integrated circuit chips; more 

specifically, it relates to a method of testing integrated circuit chips having Dynamic 
Random Access Memory (DRAM) embedded in logic using processor based Built-ln- 
Self-Test. 

[0003] BACKGROUND OF THE INVENTION 

[0004] Advanced integrated chips having a logical function such as gate arrays, 

microprocessors, Digital Signal Processors (DSP) and Application Specific Integrated 
Circuits (ASIC) require DRAMs embedded in the logic to function. BIST was originally 
developed for testing logic circuits and has been extended to testing embedded 
DRAMs as well. 

[0005] Typical embedded DRAMs are comprised of multiple blocks of memory cell arrays. 
Testing of embedded DRAMs requires special test patterns designed to identify 
specific types of failures. One test of particular importance for embedded DRAMs cells 
using capacitive storage node devices is the retention time test. Retention time is the 
time a memory cell will hold its state before charge leaking off the storage node 
renders determination of the state of the cell uncertain. 

[0006] Retention time testing requires reading a pattern into a block, pausing the test for 
a fixed amount of time, and reading out a pattern and comparing the readout pattern 
to an expected pattern. This sequence of write, pause, read and compare is repeated 
sequentially for each block of memory cell arrays in the embedded DRAM. The pause 
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time is typically 1 000 times longer than the write step or the read and compare step. 

[0007] As the size of embedded DRAMs increase and especially the number of blocks of 
memory cell arrays per DRAMs increase, test times also increase. Test times have 
become a significant cost adder to gate arrays, microprocessors, DSPs and ASIC 
because of the added test equipment required. Increased test times have also had an 
adverse effect on productivity. 

[0008] Therefore, there is a need in the industry for a method to reduce the amount of 
time to test embedded DRAM in such integrated circuit chips as gate arrays, 
microprocessors, DSPs and ASICs. 

Summary of the Invention 

[0009] A first aspect of the present invention is a method of testing a DRAM, the DRAM 
comprised of a multiplicity of DRAM blocks, comprising: in a processor based built-in 
self test system, generating a test data pattern; for each DRAM block, performing a 
write of the test data pattern into the DRAM block, performing a pause for a 
predetermined period of time, and performing a read of a resulting data pattern from 
the DRAM block; wherein for each DRAM block, the performing the write of the test 
pattern into the DRAM block is performed before the performing the pause for the 
predetermined period of time, and the performing the read of the resulting data 
pattern from the DRAM block is performed after the performing the pause for the 
predetermined period of time; and wherein at least a portion of the pause for the 
predetermined period of time of two or more the DRAM blocks overlap in time. 



[0010] 



A second aspect of the present invention is a processor based built-in self test 
system for testing an embedded DRAM, the embedded DRAM including a multiplicity 
of DRAM blocks, each DRAM block comprising a multiplicity of wordlines and bitlines, 
comprising: means for generating a test data pattern; means for writing the test data 
pattern into each DRAM block simultaneously; means for reading out a resultant data 
pattern from each the DRAM block after a predetermined period of time has elapsed 
from the writing of the test data into each the DRAM block, the reading out occurring 
sequentially from a first DRAM block to a last DRAM block of the multiplicity of the 
DRAM blocks, the reading of any previous DRAM block of the multiplicity of DRAM 
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blocks being completed before the reading of a subsequent DRAM block of the 
multiplicity of DRAM blocks; means for storing scan out data for each the DRAM block 
on a register, the scan out data comprising the resultant data pattern or information 
based on the resultant data pattern of each the DRAM block; and means for scanning 
out the scan out data, the scanning out of any previous scan out data for a previous 
DRAM block of the multiplicity of DRAM blocks is completed before the scanning in of 
scan out data of a subsequent DRAM block of the multiplicity of DRAM blocks. 

[001 1] A third aspect of the present invention is a processor based built-in self test 

system for testing an embedded DRAM, the embedded DRAM including a multiplicity 
of DRAM blocks, each DRAM block comprising a multiplicity of wordlines and bitlines, 
comprising: means for generating a test data pattern; means for writing the test data 
pattern into each DRAM block sequentially from a first DRAM block to a last DRAM 
block of the multiplicity of DRAM blocks, the writing of a previous DRAM block being 
completed before the writing of a subsequent DRAM block of the multiplicity of DRAM 
blocks; means for reading out a resultant data pattern from each the DRAM block after 
a predetermined period of time has elapsed from the writing of the test data into each 
the DRAM block, the reading out occurring sequentially from a first DRAM block to a 
last DRAM block of the multiplicity of the DRAM blocks, the reading of any previous 
DRAM block of the multiplicity of DRAM blocks being completed before the reading of 
a subsequent DRAM block of the multiplicity of DRAM blocks; means for storing scan 
out data for each the DRAM block on a different store register of a multiplicity of store 
registers, the scan out data comprising the resultant data pattern or information 
based on the resultant data pattern of each the DRAM block, the storing of previous 
scan out data for a previous DRAM block of the multiplicity of DRAM blocks being 
completed before the storing of scan out data for a subsequent DRAM block of the 
multiplicity of the DRAM blocks. 

Brief Description of the Drawings 

[0012] The features of the invention are set forth in the appended claims. The invention 
itself, however, will be best understood by reference to the following detailed 
description of an illustrative embodiment when read in conjunction with the 
accompanying drawings, wherein: 
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[001 3] FIG. 1 is a schematic block diagram of an embedded DRAM memory and test 
system according to a first embodiment of the present invention; 

[0014] FIG. 2 is a diagram illustrating the write-pause-read sequence for testing an 
embedded DRAM according to the first embodiment of the present invention; 

[001 5] FIG. 3 is a schematic block diagram of an embedded DRAM memory and test 
system according to a second embodiment of the present invention; 

[001 6] FIG. 4 is a schematic block diagram of the redundancy allocation store device 
store according of FIG. 3; 

[001 7] FIG. 5 is a schematic block diagram illustrating the clocking signals for the 
redundancy allocation store device store according of FIG. 4; 

[001 8] FIG. 6 is a timing diagram of the clocking signals of the circuit of FIG. 5; 

[0019] FIG. 7 is a schematic diagram of the interconnection between the redundancy 
allocation register and the serial interface register of FIG 4; 

[0020] FIG. 8 is a diagram illustrating the write-pause-read sequence for testing an 
embedded DRAM according the second embodiment of the present invention; 

[0021] FIG. 9 is a schematic diagram of a physical implementation of the second 
embodiment of the present invention. 

Detailed Description of the Invention 

[0022] A DRAM is composed of an array of storage cell arranged in rows and columns. 

The DRAM is addressed through wordlines arranged in the row direction and data is 
written to the DRAM though bitlines arranged in the column direction. To access a 
DRAM for read or write, the proper wordlines need to be activated and the proper 
bitlines selected (often called column select). Groups of wordlines are combined to 
form blocks of memory. Generally, each block of memory is enabled to receive 
address information separately. DRAMs include redundant wordlines and bitlines that 
may be "substituted" for original wordlines and bitlines that contain failing cells. 
Substitution is performed by deleting fuses to redirect address information. 
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[0023] FIG. 1 is a schematic block diagram of an embedded DRAM memory and test 

system according to a first embodiment of the present invention. In FIG. 1, embedded 
DRAM 1 00 comprises a multiplicity of DRAM blocks 1 05A, 1 05B, 1 05C through 1 05N. 
DRAM block 105A being the first DRAM block and DRAM block 105N being the last 
block of embedded DRAM 1 00 in terms of address sequence. While FIG. 1 illustrates 
DRAM blocks 105A through 105N arranged in a stack of one above another, the 
physical layout of the DRAM blocks may be different, for example, the DRAM blocks 
may be arranged into two adjacent stacks. Embedded DRAM 1 00 is coupled to a built 
in self-test (BIST) system 1 10. A BIST based tester for an embedded DRAM is 
described in United States Patent 5, 961,653 which is hereby incorporated by 
reference. Test system 1 1 0 is comprised of a sequencer 1 1 5, an address generator 
1 20, a test data generator 1 25, a controller 1 30, a multiplexer 1 35, a comparator 
140, redundancy allocation logic 145 and a redundancy allocation register 1 50 all 
coupled to a test buss 155. Alternatively, register 135 may be incorporated in DRAM 
100. 

[0024] Sequencer 1 1 5 contains test instructions that the sequencer assembles into test 
patterns under the control of an internal or external processor or micro- processor. 
Address generator 1 20 includes a column address counter (bitlines), a row address 
counter (wordlines) and a DRAM block address counter, each driven from test buss 
155, for counting test cycles. Test data generator 125 includes a data-in generator for 
writing the physical 0/ls of the test pattern into DRAM 100 and a data-out (expected 
values) generator of physical 0/1s used by comparator 140 during read cycles. 
Controller 1 30, under direction of test buss 1 55, gates control signals to DRAM 1 00 
appropriate to the particular test pattern and test cycle being applied. Comparator 
140 compares the expected values provided by data generator 125 with observed 
values on output bus 160. Redundancy allocation logic 145 determines which array 
elements of DRAM 100 have failed based on the compare performed by comparator 
140. The redundancy allocation logic determines specific redundant word lines or 
bitlines to replace the wordlines and bitlines having failed cells. The redundancy 
allocation register 1 50 stores the results of the redundancy allocation logic and allows 
scanning the results out on scan buss 1 65 to die pads or module pins. 



L z^j Controller 1 30 also has the function of sending a block enable signal 1 70 to all 
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DRAM blocks 1 05A through 105N which allows writing of test data from test data 
generator 1 25 to all DRAM blocks 105A through 105N simultaneously (in parallel). 

[0026] For retention time testing, after data is written to all DRAM blocks 1 05A through 
105N simultaneously, testing is paused for a predetermined amount of time and then 
the data in each DRAM block 1 05A through 1 05N is read out sequentially. In other 
words, after the expiration of the predetermined pause time, data in BLOCK 105A is 
read out into comparator 140, redundancy allocation logic 145 determines which 
replacement wordlines/bitlines (if any) to use and that information is transferred to 
redundancy allocation register 150 where it is scanned out. Next DRAM block 105B is 
read out and the process continues until DRAM block 1 05N has been read out, and 
the information on replacement wordlines/bitlines (if any) is scanned out. This 
sequence of events is illustrated in FIG. 2 and described infra. 

[0027] FIG. 2 is a diagram illustrating the write-pause-read sequence for testing an 

embedded DRAM according to the first embodiment of the present invention. In FIG. 
2, each row illustrates the read, pause and read sequence for a single DRAM block. 
The vertical direction is test time. As will be noted, DRAM blocks are all written 
simultaneously and all paused simultaneously for the same predetermined pause 
time. However since read is performed sequentially, the read of a subsequent DRAM 
block not started until the completion of the read of the previous DRAM block, the 
total pause time for each DRAM block after the first DRAM block increases by the time 
required to read out all the previous DRAM blocks. However, because the pause time 
can be in the order of, for example, 1 000 times the write and read time, this 
additional pause time is negligible. 

[0028] 

Taking the example of a DRAM array comprised of eight DRAM blocks, where the 
read and write time is 80 microseconds and the pause time 80,000 microseconds, the 
total test time is 80+80,000+(8x80) = 80, 720 microseconds (80.72 milliseconds). If 
the same DRAM were tested conventionally, the total test time would be 8x 
(80+80,000+80) = 641 ,280 microseconds (641 .28 milliseconds). Thus, the first 
embodiment of the present invention takes only about 1 2.6% of the time of 
conventional testing or is about eight times faster. For a 16 block DRAM, the invention 
is about 1 6 times faster. The longest additional test pause for the eight-DRAM block 
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DRAM array, of the present example, is 7x80 or 560 microseconds. Thus, the longest 
additional pause time is only 0.675% longer than the predetermined pause time, 
which, as stated supra, is negligible. 

[0029] FIG. 3 is a schematic block diagram of an embedded DRAM memory and test 
system according to a second embodiment of the present invention. In FIG. 3, 
embedded DRAM 1 00 is coupled to a built in self-test (BIST) system 2 1 0. Test system 
210 is comprised of a sequencer 21 5, an address generator 220, a test data generator 
225, a controller 230, a multiplexer 235, a comparator 240, redundancy allocation 
logic 245 and a redundancy allocation register 250 all coupled to a test buss 2 55. 
Alternatively, register 235 may be incorporated in DRAM 1 00. DRAM 1 00 is also 
coupled to comparator 240 by an output bus 260. 

[0030] Sequencer 21 5, address generator 220, test data generator 225, controller 230, 
multiplexer 235, comparator 240, redundancy allocation logic 245, redundancy 
allocation register 250, test buss 255, output bus 260 and scan buss 265 are similar 
to and perform similar function as sequencer 1 1 5, address generator 1 20, test data 
generator 125, controller 130, multiplexer 135, comparator 140, redundancy 
allocation logic 145, redundancy allocation register 1 50, test buss 15 5, output bus 
160 and scan buss 165 of FIG. 1, respectively with the following differences: (1) 
Controller 230 does not send a block enable signal to all DRAM blocks 1 05A through 
105N. (2) Redundancy allocation register 250 does not have direct scan out capability. 

[0031] Test system 210 further includes a redundancy allocation store device 275 
coupled to redundancy allocation register 250 by transfer bus 270. Redundancy 
allocation store register 275 stores the replacement information generated by 
redundancy allocation register 250. Redundancy allocation store register 275 is 
illustrated in FIG. 4 and described infra. 

[0032] Sequencer 215, additionally generates synchronization signals 280 used by 

redundancy allocation logic 245, redundancy allocation register 250 and redundancy 
allocation store device 275 as illustrated in FIGs. 5 and 6 and described infra. 



[0033] 



For retention time testing, after data is written to each of DRAM blocks 1 05A 
through 1 05N sequentially, testing is paused for each DRAM block for a 
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predetermined amount of time and then the data in each DRAM block 105A through 
105N is read out sequentially. However, as soon as a previous DRAM block is written, 
the next DRAM block is written and as soon as the pause time on any DRAM block has 
expired, the data on that DRAM block is read. Therefore, pause times of each DRAM 
block overlap. This sequence of events is controlled by sequencer 270 through test 
buss 2 55 and synchronization signals 280. In other words, as soon as data is written 
to DRAM block 105A and its pause commenced, data is next written into DRAM block 
105B and its paused commenced and so on until DRAM block 105N is written. After 
the expiration of the predetermined pause time for DRAM block 105A, data in DRAM 
block 105A is read out into comparator 140. After the expiration of the 
predetermined pause time for DRAM block 1 05 B, data in DRAM block 1 05B is read 
into comparator 140. This sequence continues until DRAM block 105N is read into 
comparitor 140. This sequence of events is illustrated in FIG. 8 and described infra. 

[0034] Because redundancy allocation register 250 is only large enough to hold the 
redundancy allocation data for a single DRAM block, the data for each block is 
transferred to redundancy allocation store device 275 as subsequent DRAM blocks are 
read out. When testing is complete, the redundancy allocation information for all 
DRAM block 1 05A through 1 05N is scanned out of redundancy allocation register 275. 

[0035] Before discussing the details of redundancy allocation register 275 and control 

signals 280, it will be useful to examine the write-pause-read sequence in more detail 
and turn to FIG. 8. FIG. 8 is a diagram illustrating the write-pause-read sequence for 
testing an embedded DRAM according to the second embodiment of the present 
invention. In FIG. 8, each row illustrates the read, pause and read sequence for a 
single DRAM block. The vertical direction is test time. As will be noted, DRAM blocks 
are all written sequentially and all paused immediately after writing for the same 
predetermined pause time. The read of each individual DRAM block is started 
immediately after the expiration of the pause time. 

[0036] 

Taking the example of a DRAM array comprised of eight DRAM blocks, where the 
read and write time is 80 microseconds and the pause time 80,000 microseconds, the 
total test time is (8x80)+ 80,000+80 = 80, 720 microseconds (80.72 milliseconds) the 
same as for the example of the first embodiment of the present invention (see FIG. 2). 
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Because of the overlap of pause times, it is possible to "run out" of pause time if the 
number of blocks is extremely large. In the present example, that would occur when 
the number of DRAM blocks exceeded 999. In this event, the test time would 
increment by 80 microseconds for each additional DRAM block over 999. 

[0037] FIG. 4 is a schematic block diagram of the redundancy allocation store device 

store according of FIG. 3. In FIG. 4, redundancy allocation register 245, containing row 
redundancy allocation logic 285 and bitline redundancy allocation logic 290 is 
coupled to redundancy allocation store device 275 by test buss 255. 

[0038] Redundancy allocation store register includes an interface register 300 coupled to 
a multiplicity of store registers 305A, 305B, 305C through 305N. For every DRAM 
block, 1 05A through 1 05N (see FIG. 3) there is a corresponding store register 305A 
through 305N. After every read of a DRAM block, the redundancy allocation 
information for that particular DRAM block which was written to redundancy allocation 
register, as described supra, is swapped with the current contents of interface shift 
register 300. This operation is illustrated in FIG. 7 and described infra. 

[0039] After the swap of contents, interface register 300 holds the allocation information 
for the last read (last test complete) DRAM block. The contents of interface shift 
register 300 are then written to one of the store registers 305A through 305N. The 
sequence of reading and writing is gated by input multiplexers 31 OA, 31 0B, 3 10C 
through 310Nand by output multiplexers 31 5A, 31 5B, 31 5C through 31 5N by 
synchronization signals 280. For every store register, 305A through 305N there is a 
corresponding input multiplexer 31 OA through 3 10N and a corresponding output 
multiplexer 31 5A through 3 1 5N. Synchronization signals 280 are also applied to clock 
lines with each store register 305A through 305N as illustrated in FIG. 5 and described 
infra. 

[0040] The operation of redundancy allocation store device 275 occurs in cycles. The first 
cycle commences when the allocation information in redundancy allocation register 
250, which contains redundancy allocation information for DRAM block 1 05A (see FIG. 
3) is swapped with the contents interface shift register 300, which is "empty" or 
contains data from a previous test. The contents of store register 305N are then 
shifted into interface shift register 300 while the contents of the interface shift 
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register are shifted into store register 305A. 

[0041] The second cycle commences when the allocation information in redundancy 
allocation register 2 50, which now contains redundancy allocation information for 
DRAM block 1 05B (see FIG. 3) is swapped with the contents interface shift register 
300. The contents of store register 305A are then shifted into interface shift register 
300 while the contents of the interface shift register are shifted into store register 
305B. 

[0042] The third cycle commences when the allocation information in redundancy 

allocation register 250, which now contains redundancy allocation information for 
DRAM block 105C (see FIG. 3) is swapped with the contents interface shift register 
300. The contents of store register 305 B are then shifted into interface shift register 
300 while the contents of the interface shift register are shifted into store register 
305C. 

[0043] The fourth through next-to-last cycles are similar to the previous cycles. 

[0044] The last cycle commences when the allocation information in redundancy 

allocation register 250, which now contains redundancy allocation information for 
DRAM block 105N (see FIG. 3) is swapped with the contents interface shift register 
300. The contents of next-to-last store register 305N-1 (not shown) are then shifted 
into interface shift register 300 while the contents of the interface shift register are 
shifted into store register 305N. After the last cycle, the contents of all store registers 
305A through 305N are scanned out sequentially on scan buss 265. 

[0045] 

FIG. 5 is a schematic block diagram illustrating the clocking signals for the 
redundancy allocation store device store according of FIG. 4. Only store register 305A 
is illustrated. In FIG. 5, a specific control signal 280A (corresponding to store register 
305A is applied to input multiplexer 31 OA, output multiplexer and first inputs of AND 
gates 320 and 335. For store registers 305B through 305N, specific control signals 
280N through 280N would be applied. A first clock signal CLK1 is applied to a second 
input of AND gate 320 and a second clock signal CLK2 is applied to a second input of 
AND gate 325. The output of AND gate 320 is coupled to a first input of AND gate 
330 and an a level sensitive scan design (LSSD) A CLK signal is applied to a second 
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input of AND gate 330. The output of AND gate 325 is coupled to a first input of an 
AND gate 335 and an a LSSD B CLK signal is applied to a second input of an AND gate 
335. CLK 1 , CLK 2, LSSD A CLK and LSSD B CLK are global signals provided to all store 
registers. LSSD A CLK and LSSD B CLK are used for scan in and scan out operations as 
well. The output of AND gates 330 and 335 are coupled to store register 305A to 
control serial shifting of bits with the store register. 

[0046] FIG. 6 is a timing diagram of the clocking signals of the circuit of FIG. 5. As can be 
seen from FIG. 6, CLK 1 is on only when CLK 2 is off and vice versa. Nether CLK1 or 
CLK 2 is active when LSSD A CLK or LSSD B Clock is high or control signal 280A is low. 

[0047] FIG. 7 is a schematic diagram of the interconnection between the redundancy 
allocation register and the serial interface register of FIG 4. In FIG. 4, redundancy 
allocation register 2 50 is comprised of a multiplicity of latches 340, each latch 340 
having a two clock inputs CA and CB. Interface shift register 300 is comprised of a 
multiplicity of latches 345, each latch 345 having a two clock inputs CA and CB. The 
CA clock, times data input into a first half (upper rectangle) of latches 340 and 345 
and the CB clock times transfer data from the first half of each latch to a second half 
of each latch (lower rectangle) and to output Q. There is the same number of latches 
340 as there are latches 345. 

[0048] All the CA inputs of latches 340 are coupled to a third clock signal CLK 3. All the 
CB inputs of latches 340 are coupled to a fourth clock signal CLK 4. All the CA inputs 
of latches 345 are coupled to a fifth clock signal CLK 5. All the CB inputs of latches 
345 are coupled to a sixth clock signal CLK 6. The output Q of each latch 340 is 
coupled to a corresponding input D of each latch 345. The output Q of each latch 345 
is coupled to a corresponding input D of each latch 340. The data lines used to write 
to redundancy allocation register 250 and interface shift register 300 when they are in 
shift register mode have not been illustrated in FIG. 7 to simplify the drawing. 

[0049] when data is swapped between redundancy allocation register 250 and interface 
shift register 300, data in all latches is transferred simultaneously between 
corresponding latches. The transfer is performed in the following sequence: (1) 
Redundancy allocation information is transferred into latches 340 (CLK3, CLK4, CLK5, 
CLK 6 are all low). (2) When CLK 5 is high data is transferred from the first halves of 
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latches 345 to the second halves of latches 345. (3) When CLK 3 is high is high data is 
transferred from the second halves of latches 345 to the first halves of latches 340. 
(4) When CLK 4 and CLK 6 are high data is transferred from first halves of second of 
latches 340 to the first halves of latches 340 and to transfer data from second halves 
of latches 345 to the first halves of latches 340. (6) Redundancy allocation register 
250 is conditioned for receiving redundancy allocation data for the next DRAM block 
to be tested (CLK3, CLK4, CLK5, CLK 6 are all low). 

[0050] FIG. 9 is a schematic diagram of a physical implementation of the second 

embodiment of the present invention. In FIG 9, embedded DRAM macro 400 includes 
DRAM 1 00, BIST 1 1 0 and a multiplicity of fuse latches 405A, 405B, 405C through 
405 N. There is one fuse latch 405A through 405N for every DRAM block 105A 
through 1 05N in DRAM 1 00. Each DRAM block 1 05A through 1 05N includes a fuse 
bank and a redundancy array of wordlines and bitlines (not shown). In one 
implementation of the present invention, store registers 305A through 305N (see FIG. 
4) are fuse latches 405A through 405N. During testing, fuse latches 405A through 
405 N are used to store the redundancy allocation information that, after scanned out, 
will be scanned back in order to delete the fuse banks to replace failing wordlines and 
bitlines with wordlines and bitlines selected from the redundancy array. This 
implementation saves eDRAM macro 400 real estate and the store registers 
automatically scale as the eDRAM macro is scaled saving design time. 

[0051] The description of the embodiments of the present invention is given above for 
the understanding of the present invention. It will be understood that the invention is 
not limited to the particular embodiments described herein, but is capable of various 
modifications, rearrangements and substitutions as will now become apparent to 
those skilled in the art without departing from the scope of the invention. For 
example, the invention has been illustrated using BIST, but is readily adaptable to 
conventional test methodologies. Therefore, it is intended that the following claims 
cover all such modifications and changes as fall within the true spirit and scope of the 
invention. 
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